Introduction {#s1}
============

Recent clinical and epidemiological studies indicated that patients with metabolic syndrome (Mets) increased worldwide because of changing lifestyle such as the eating or lack of exercise habits \[[@R01], [@R02]\]. In addition, the increase of patients with Mets was reportedly associated with increased incidence of cardiovascular disease (CVD), such as ischemic heart disease and stroke \[[@R03]-[@R05]\]. Therefore, effective methods should be considered to decrease the number of patients with Mets in daily practice and also explore a novel target factor to prevent CVD events in patients with Mets.

The cardio-ankle vascular index (CAVI) is a novel physiological marker of arteriosclerosis, reflecting arterial stiffness in the aorta, femoral and tibial arteries \[[@R06]\]. In addition, several clinical reports indicate that CAVI reflects endothelial dysfunction considered as reflecting early stage of atherosclerosis \[[@R07], [@R08]\]. In recent years, a number of clinical data were accumulated regarding the usefulness of CAVI as a CVD risk factor in various types of population including those with Mets \[[@R9]-[@R12]\].

Advanced glycation end-products (AGEs) play an important role in the pathophysiology of various diseases. Among the methods used to evaluate AGEs, skin autofluorescence (AF) is known to be a simple and reliable marker *in vivo*, and recent clinical studies have indicated that skin AF levels are significantly associated with CVD incidence \[[@R13]-[@R15]\]. In addition, researchers reported that skin AF levels were significantly higher in patients with Mets than those with Mets \[[@R16]\]. However, data regarding the usefulness of skin AF as a CVD risk factor in patients with Mets are limited. Therefore, this cross-sectional study attempts to clarify the clinical significance of skin AF as a risk factor for CVD in patients with Mets using CAVI.

Materials and Methods {#s2}
=====================

Patients {#s2a}
--------

Patients in this study were enrolled between September 2015 and August 2018. The study population comprised 261 Japanese male patients with Mets, who visited the Hitsumoto Medical Clinic. Their mean age was 58 ± 7 years (mean ± standard deviation (SD)). Diagnosis of Mets was evaluated according to the Japanese criteria. Patients with CVD history or those using medications such as antihyperlipidemic, antihypertensive, or antidiabetic drugs were excluded. This study was conducted in compliance with the ethical standards of the responsible institution on human subjects as well as the Helsinki Declaration. All patients provided informed consent, and the study protocol was approved by the Institutional Review Board of the Hitsumoto Medical Clinic (approval number: 2015-08).

Diagnosis of Mets {#s2b}
-----------------

Mets was diagnosed based on the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome \[[@R17]\]. In the Japanese criteria, Mets was defined as the presence of two or more clinical abnormalities (three abnormalities: dyslipidemia (serum triglyceride concentrations of ≥ 150 mg/dL and/or serum high-density lipoprotein cholesterol concentrations of \< 40 mg/dL), elevated blood pressure levels (systolic blood pressure of ≥ 130 mm Hg and/or diastolic blood pressure of ≥ 85 mm Hg) and elevated blood glucose levels (fasting blood glucose of ≥ 110 mg/dL)), in addition to visceral fat obesity (waist circumference of ≥ 85 cm in men and ≥ 90 cm in women). Previous studies indicated that Mets evaluated according to the Japanese diagnosis criteria significantly occurs with coronary atherosclerosis or CVD \[[@R03], [@R18]\].

Skin AF measurement {#s2c}
-------------------

[Figure 1](#F1){ref-type="fig"} shows measuring method of skin AF. Skin AF was automatically measured using a commercial instrument (AGE Reader™; DiagnOptics, Groningen, the Netherlands), as previously described \[[@R19], [@R20]\]. With patients seated, all measurements were taken at the volar side of the lower arm, approximately 10 - 15 cm below the elbow. AF was defined as the average light intensity per nanometer between 300 and 420 nm. The skin AF levels were expressed in arbitrary unit (AU). The levels of pentosidine, a major AGE component, were measured using skin biopsy at the volar side of the lower arm and appeared to be significantly correlated with skin AF \[[@R21]\]. The validity and reliability of skin AF levels in the Japanese population measured using this method have been previously established \[[@R20]\].

![Measuring method of skin AF. Skin AF was automatically measured using a commercial instrument. With patients seated, all measurements were taken at the volar side of the lower arm, approximately 10 - 15 cm below the elbow. AF was defined as the average light intensity per nanometer between 300 and 420 nm. The skin AF levels were expressed in arbitrary unit. AF: autofluorescence.](cr-10-172-g001){#F1}

CAVI measurement {#s2d}
----------------

[Figure 2](#F2){ref-type="fig"} shows measuring method of CAVI. CAVI was measured using a VaSera CAVI instrument (Fukuda Denshi, Tokyo, Japan) following the previously described methods \[[@R06]\]. Briefly, the brachial and ankle pulse waves were determined using inflatable cuffs with the pressure maintained between 30 and 50 mm Hg to ensure its minimal effect on the systemic hemodynamics. Systemic blood and pulse pressures were simultaneously determined, with the participant in a supine position. CAVI was measured after the participants had rested for 10 min in a quiet room. For statistical evaluation of the CAVI, mean values of the left and right sides were used. The average coefficient of CAVI variation has been shown to be \< 5%, which is small enough for clinical use and indicates that CAVI measurement has good reproducibility \[[@R22]\].

![Measuring method of CAVI. The brachial and ankle pulse waves were determined using inflatable cuffs with the pressure maintained between 30 and 50 mm Hg to ensure that the cuff pressure had a minimal effect on the systemic hemodynamics. Blood and pulse pressures were determined simultaneously with the subjects lying supine, after they had first rested for 10 min in a quiet room. CAVI was calculated using the following formula: CAVI = a{(2ρ/ΔP) × ln (Ps/Pd)PWV^2^} + b, where a and b are constants, ρ is blood density and ΔP is Ps - Pd. CAVI: cardio-ankle vascular index; Ps: systolic blood pressure; Pd: diastolic blood pressure; PWV: pulse wave velocity.](cr-10-172-g002){#F2}

Estimation of cardiovascular risk factors {#s2e}
-----------------------------------------

The degree of obesity was evaluated using body mass index, calculated as weight (kg) divided by the squared height (m^2^). Smoker was defined as smoking at least one cigarette per day during the last 1 year, and Brinkmen index (number of smoking (/day) × smoking duration (years)) was used as a marker of smoking exposure. The right brachial blood pressure was measured twice using a mercury sphygmomanometer, with participants in sitting position. An average of two readings was used to determine the systolic and diastolic blood pressures. Blood samples were collected from the antecubital vein in the morning after 12 h of fasting. Total cholesterol and triglyceride levels were measured using standard enzymatic methods. Serum high-density lipoprotein cholesterol levels were measured using selective inhibition. Serum low-density lipoprotein cholesterol levels were calculated using the Friedewald equation \[[@R23]\]. Glucose and insulin levels were measured using the glucose oxidase method and an enzyme immunoassay, respectively. To measure insulin resistance, homeostatic model assessment of insulin resistance (HOMA-IR) was calculated using the following equation \[[@R24]\]: HOMA-IR = fasting glucose concentration (mg/dL) × fasting insulin concentration (µg/mL)/405. High-sensitivity C-reactive protein (hs-CRP) concentration as a marker of inflammation was measured using high-sensitivity, latex-enhanced immunonephelometrics.

Statistical analysis {#s2f}
--------------------

Data were analyzed using the Stat View-J 5.0 (HULINKS, Tokyo, Japan) and MedCalc for Windows version 14.8.1 (MedCalc Software, Ostend, Belgium) and are expressed as mean ± SD. Between-group comparisons were performed using the Student's *t*-test, and the correlation coefficient was estimated using the Pearson or Spearman rank-order correlation analysis. Multivariate analysis was performed using multiple regression analyses. The receiver-operating characteristic curves were constructed, and the maximum Youden index \[[@R25]\] was used to determine the optimal skin AF cut-off levels of high CAVI. A P-value of \< 0.05 was considered statistically significant.

Results {#s3}
=======

Study population {#s3a}
----------------

[Table 1](#T1){ref-type="table"} summarizes patient characteristics of this study. The mean value of skin AF was 2.4 ± 0.6 AU (range, 1.5 - 4.6), and the mean value of CAVI was 8.3 ± 1.3 (range, 6.2 - 12.3). Skin AF and CAVI have nearly normal distribution.

###### Patient Characteristics

  ---------------------------------- ------------
  n                                  261
  Age (years)                        58 ± 7
  Body mass index (kg/m^2^)          25.1 ± 3.1
  West circumference (cm)            90 ± 5
  Smoker, n (%)                      80 (31)
  Systolic blood pressure (mm Hg)    141 ± 17
  Diastolic blood pressure (mm Hg)   84 ± 13
  Pulse rate (/min)                  72 ± 11
  Laboratory findings                
    Total cholesterol (mg/dL)        226 ± 43
    LDL-cholesterol (mg/dL)          141 ± 40
    Triglyceride (mg/dL)             204 ± 59
    HDL-cholesterol (mg/dL)          44 ± 14
    Fasting blood glucose (mg/dL)    113 ± 18
    HOMA-IR                          2.8 ± 1.4
    Log-hs-CRP (mg/dL)               -1.1 ± 0.5
    Skin AF (AU)                     2.4 ± 0.6
    CAVI                             8.3 ± 1.3
  ---------------------------------- ------------

Continuous values are mean ± SD. LDL: low-density lipoprotein; HDL: high-density lipoprotein; HOMA-IR: homeostasis assessment insulin resistance; hs-CRP: high-sensitivity C-reactive protein; AF: autofluorescence; AU: arbitrary unit; CAVI: cardio-ankle vascular index.

Correlation between factors {#s3b}
---------------------------

The correlations between skin AF and CAVI are shown in [Figure 3](#F3){ref-type="fig"}. Significantly positive correlations were observed between these two clinical parameters. [Figure 4](#F4){ref-type="fig"} shows the relationships between smoking habits and CAVI or skin AF. Both CAVI and skin AF were significantly higher in smokers than in non-smokers. In addition, both CAVI and skin AF were significantly positively correlated with the Brinkman index. [Table 2](#T2){ref-type="table"} presents relationships among CAVI, skin AF and various clinical parameters. Age, systolic blood pressure, fasting blood glucose levels, HOMA-IR, hs-CRP and the number of Mets components were significantly positively correlated with CAVI. On the contrary, age, HOMA-IR and hs-CRP were significantly positively correlated with skin AF.

![Correlation between skin AF and CAVI. AF: autofluorescence; CAVI: cardio-ankle vascular index; AU: arbitrary unit.](cr-10-172-g003){#F3}

![Relations between smoking habits and CAVI and skin AF. Both CAVI (smoker vs. non-smoker: 8.7 ± 1.4 vs. 8.1 ± 1.1, respectively, P \< 0.001) and skin AF (smoker vs. non-smoker: 2.7 ± 0.6 AU vs. 2.3 ± 0.5 AU, respectively, P \< 0.001) were significantly higher in patients who are smokers than in those who are non-smokers. In addition, both CAVI and skin AF were significantly positively correlated with Brinkman index as a marker of smoking exposure. (a) Relations between smoking habits and CAVI. (b) Relations between smoking habits and skin AF. CAVI: cardio-ankle vascular index; AF: autofluorescence; AU: arbitrary unit.](cr-10-172-g004){#F4}

###### Relationships Among CAVI, Skin AF and Various Clinical Parameters

                              r            
  --------------------------- ------------ ------------
  Age                         0.48\*\*\*   0.21\*\*\*
  Body mass index             0.10         0.08
  West circumference          0.05         0.03
  Systolic blood pressure     0.12\*       0.08
  Diastolic blood pressure    0.08         0.10
  Pulse rate                  0.06         0.02
  Total cholesterol           0.03         0.02
  LDL cholesterol             0.05         0.02
  Triglyceride                0.03         0.03
  HDL cholesterol             -0.06        -0.03
  Fasting blood glucose       0.18\*\*     0.10
  HOMA-IR                     0.24\*\*\*   0.34\*\*\*
  Log-hs-CRP                  0.33\*\*\*   0.34\*\*\*
  Number of Mets components   0.13\*       0.09

r expressed correlation coefficient. \*P \< 0.05, \*\*P \< 0.01, \*\*\*P \< 0.001. CAVI: cardio-ankle vascular index; AF: autofluorescence; LDL: low-density lipoprotein; HDL: high-density lipoprotein; HOMA-IR: homeostasis assessment insulin resistance; hs-CRP: high-sensitivity C-reactive protein; Mets: metabolic syndrome.

Multivariate analysis and receiver-operating characteristic curve {#s3c}
-----------------------------------------------------------------

[Table 3](#T3){ref-type="table"} summarizes the results of a multiple regression analysis with CAVI or skin AF as a subordinate factor. Explanatory factors were selected by significant variables in univariate analysis. Age, skin AF, smoker, hs-CRP and HOMA-IR were identified as independent variables when CAVI was used as a subordinate factor. On the contrary, HOMA-IR, CAVI, hs-CRP and the smoker were identified as independent variables when skin AF was used as a subordinate factor. [Figure 5](#F5){ref-type="fig"} shows the receiver-operating characteristic curve analysis for the detection of high CAVI as ≥ 9.0 based on skin AF. The maximum Youden index indicated that skin AF of \> 2.7 AU was the optimal cut-off point to determine the high CAVI (area under the curve = 0.718, P \< 0.001) with true positive rate of 55.1% and false positive rate of 81.2%.

###### Multiple Regression Analysis

  Explanatory factor            β      P value
  ----------------------------- ------ ----------
  \(A\)                                
    Age                         0.39   \< 0.001
    Skin AF                     0.18   0.002
    Smoker                      0.16   0.003
    Log-hs-CRP                  0.15   0.005
    HOMA-IR                     0.11   0.045
    Systolic blood pressure     0.06   0.258
    Fasting blood glucose       0.05   0.465
    Number of Mets components   0.03   0.570
  \(B\)                                
    HOMA-IR                     0.24   \< 0.001
    CAVI                        0.21   0.002
    Log-hs-CRP                  0.19   0.007
    Smoker                      0.18   0.008
    Age                         0.06   0.343

\(A\) Subordinate factor is CAVI: R^2^ = 0.39; P \< 0.001. (B) Subordinate factor is skin AF: R^2^ = 0.29; P \< 0.001. AF: autofluorescence; hs-CRP: high-sensitivity C-reactive protein; HOMA-IR: homeostatic model assessment of insulin resistance; Mets: metabolic syndrome; CAVI: cardio-ankle vascular index.

![The receiver-operating characteristic curve analysis for the detection of high CAVI based on skin AF. The maximum Youden's index indicated that skin AF of \> 2.7 AU was the optimal cut-off point to determine the high CAVI of ≥ 9.0. AF: autofluorescence; CAVI: cardio-ankle vascular index; AU: arbitrary unit; AUC: area under the curve.](cr-10-172-g005){#F5}

Discussion {#s4}
==========

The results in this study indicated that skin AF was significantly positively correlated with CAVI; furthermore, multivariate analysis clarified that these two clinical parameters were independently associated. Previous studies reported that skin AF was significantly associated with physiological marker of arterial function including CAVI in patients with diabetes mellitus or kidney disease \[[@R10], [@R26]-[@R28]\]. In addition, this study also indicated that skin AF is considered as an important factor that affects the arterial function in patients with Mets. On the contrary, HOMA-IR as a marker of insulin resistance, smoking habits and hs-CRP as an inflammation marker were selected as independent variables for both CAVI and skin AF as a subordinate factor.

Previous studies have reported that AGEs or their receptors were associated with vascular cell calcification such as endothelial or smooth muscle cells or functional arterial aging \[[@R29]-[@R31]\]. In addition, the results in this study that indicate significant relationships between skin AF and CAVI can be interpreted as AGEs acting an important role for arterial function in patients with Mets. On the contrary, a number of studies indicated that insulin resistance acts a critical role in the pathogenesis of Mets. In addition, several researchers reported that insulin resistance affected arterial dysfunction \[[@R32], [@R33]\]. In this study, HOMA-IR was also significantly related with CAVI in patients with Mets, indicating that insulin resistance also acts an important role for arterial dysfunction. On the contrary, some basic studies indicated that AGEs affected insulin resistance through the several pathways such as AGEs receptor-1, sirtuin-1 and phosphoinositide 3-kinase \[[@R34], [@R35]\]. The results in this study also indicated that HOMA-IR was selected as one of the strongest variables for skin AF as a subordinate factor. Therefore, an intervention therapy was aggressively performed to reduce AGEs; consequently, CVD events were reduced in patients with Mets by improving insulin resistance.

Smoking habits have been known as one of the important risk factors for CVD incidence. In addition, several studies indicated that complication of smoking habits and Mets was significantly associated with higher CVD incidence risk \[[@R36]\]. The results in this study indicate a significant association between smoking habits and CAVI, which can also be interpreted that smoking habits were important target factors to promote arterial dysfunction in patients with Mets. On the contrary, several studies reported that the smoke can affect AGEs production \[[@R37], [@R38]\]. The results in this study also indicated that smoking habits or degree of smoking exposure were significantly associated with increased skin AF levels in patients with Mets. Thus, the results in previous and this study indicated that smoking cessation was strongly recommended for arterial function or AGEs production in patients with Mets.

Researchers emphasized that low-grade inflammation in the arterial wall plays a crucial role in the pathogenesis of atherosclerosis progression \[[@R39]\]. Indeed, several clinical studies have reported significant associations between inflammatory markers and CAVI \[[@R40], [@R41]\]. This study also indicated that hs-CRP was selected as independent variables for CAVI as a subordinate factor, indicating that inflammation acts an important role to promote arterial dysfunction in patients with Mets. On the contrary, several studies emphasized that AGEs or their receptors were associated with inflammation in Mets \[[@R42], [@R43]\]. This study also indicated that skin AF was significantly associated with hs-CRP in patients with Mets. On the contrary, medications such as statin or angiotensin receptor blocker were reported to decrease inflammation in the arterial wall \[[@R44], [@R45]\]. In addition, these medications also decreased AGE levels \[[@R46], [@R47]\]. In this study, all patients had no medications. Therefore, these medications, that is, statin or angiotensin receptor blocker, were aggressively administered on patients with Mets with high skin AF levels, which consequently possibly decrease CVD events by decreasing inflammation and AGE levels.

The target cut-off levels of skin AF should be determined in order to predict abnormal CAVI levels in clinical settings. This study clarifies the clinical usefulness of assessing skin AF to detect CAVI as high as ≥ 9.0, which is shown to be discriminatory of vascular failure by CAVI \[[@R48]\]. Receiver-operating characteristic curve analysis indicated that skin AF of \> 2.7 AU is the optimal cut-off point to discriminate high CAVI. Several cut-off levels of skin AF for CVD risk were reported \[[@R14], [@R49], [@R50]\]. Although true positive rate was relatively low, this study indicated that CVD events may be decreased in patients with Mets to maintain skin AF of ≤ 2.7 AU. Lifestyle modification is undoubtedly one of the most important therapies to manage patients with Mets. In addition, Isami et al also reported that lifestyle habits such as physical activity, nonsmoking, adequate sleep, low mental stress level, eating breakfast and abstaining from sugary foods were independently associated with lower skin AF levels \[[@R51]\]. Therefore, good lifestyle habits are important to maintain lower skin AF levels in patients with Mets.

Limitations {#s4a}
-----------

This study had several limitations. First, a substantial number of patients did not undergo modalities, such as angiography, computed tomography, magnetic resonance imaging and echocardiography; therefore, asymptomatic CVD may have remained undetected. Second, female patients were not included in this study. A previous study indicated that the proportion of patients with Mets diagnosed according to the Japanese criteria in the general Japanese female population is extremely small compared to the male population (incidence: 12.1% in males, 1.7% in females) \[[@R52]\]. Therefore, Mets in females is very difficult to analyze in a single-unit range. The relationship between skin AF and CAVI in the Japanese female Mets population will be discussed in large-scale studies. Finally, this was single-center cross-sectional study, and the sample size was relatively small. An additional large number of studies, including evaluations of interventional therapies, are required to clarify the clinical significance of skin AF as a risk factor for CVD in patients with Mets.

Conclusions {#s4b}
-----------

In conclusion, this study indicates that skin AF was independently associated with CAVI, indicating that skin AF may be an important CVD risk factor in Japanese male patients with Mets. In addition, the risk value of skin AF was considered as higher than 2.7 AU. Further investigations in a large number of prospective studies, including intervention therapies, are required to validate the results in this study.
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